Issues referring to cracks in the pipelines made of the 15HM steel are described. Metallographic specimen of welded joints are provided. The results of impact strength tests, hardness tests and static tensile tests are given. Tests results as well as direct and indirect causes of the pipeline cracks are shown.
Introduction
Cracks in the welded joints are so called welding defects which entirely disqualify the steel construction for a further use. Difficulty in welding various kinds of steel contribute to the formation of cracks both during the welding process and after its completion, or in the course of the heat treatment [1] [2] [3] [4] [5] . Selective heating of joined materials to the melting temperature of the materials during welding followed by crystallization and cooling of the weld cause the stresses and deformations in the area of the joint [6] [7] [8] [9] [10] [11] [12] [19] [20] . Cracks may also be a result of a prolonged operation of the system subjected to a high temperature of the flowing medium and vibrations [13] [14] [15] [16] [17] [18] . If the possibility of deformation of the material or welds are exceeded it gets cracks in the weld or in the heat affected zone -HAZ. Types of cracks can be divided depending on the range of temperatures and their causes [2, 4] . This article describes the causes of the fatigue crack of the pipeline made from the 15HM steel.
A description of an object of the study

•
Crack length of about 210 mm was created from the pipeline's side in the heat affected zone; • The main crack extends through the entire thickness of the material along the outer border (from the material side) of the heat affected zone. HAZ from the crack's side is much wider than on the side of the collector (Fig. 1 ); • The cross-section shows the final phase of the crack. Initiation occurred in the upper part of the weld (the face of the weld) and moves along the outer border of the heat affected zone and then into the zone. Definitely a wider lower part of the HAZ (Fig. 2) ; • On the surface of the outer wall is visible the final phase of the crack in the HAZ from the pipeline's side (Fig. 4) ; 
Metallographic examination
Metallographic examinations were carried out in selected areas of the material of the pipeline with the welded joint cut away from the pipeline on the outer surface and in the crosssections ( Fig. 7-11 ). 
Impact test
Impact test was done in accordance with the EN 10045-1 standard. There were samples taken from the section of the pipeline, in an amount of four pieces in the transverse section (TS) and longitudinal (LT). The following results are an average of four measurements. • HAZ from the pipeline's side directly on the main crack corresponds to the structural changes SIII and physical degradation DV class. A degree of exhaustion was determined at 100%; • base material in the vicinity of the main crack of the pipeline corresponds to the structural changes class SIII and physical degradation DIV. A degree of exhaustion was determined at 85%; • base material of the pipeline (bottom generatrix) corresponds to the structural changes SII / SIII and physical degradation DI class. A degree of exhaustion was determined at 45%; • a weld corresponds to structural changes SII and physical degradation DII class. A degree of exhaustion was determined at 45% 6. Macroscopic tests showed that:
• the main crack was formed along the outer boundary of the HAZ (from the side of the material) and extends through the entire thickness of the material -the crack length approx. 210 mm; • in the lower generatrix of the pipeline at the place of changing the thickness thermal shock cracks were observed; • There are not any visible cracks from the collector's side in the fusion line
Summary
The results of tests and measurements of the elements of the communication pipeline allow to reach the following conclusions:
• An immediate cause of the welded joint damage was probably a combination of internal stresses of both the pipeline and the weld, and additional permanent stresses caused by an improper operation of fixtures as well as the variable stresses caused by the wrong compensation of the thermal expansion. An accumulation of such a large amount of stresses could lead to a considerable excess of an allowable stress. A confirmation of such an actual state of stresses was a very large displacement of the ends of the pipeline after cutting off a damaged welded joint.
• An indirect reason of a damage of the welded joint was a process of creeping caused by a long-term influence of elevated stresses and a high temperature on the material of the welded joint. Creeping effects in the form of micro-and macro-cracks are visible especially in the transition from the HAZ into the base material in the pipeline.
•
In addition to the above-mentioned defects there are also fatigue cracks (thermal shock cracks). These are typical cracks for this type of areas of communication pipelines located in the area of the collector of the lower generatrix of the pipeline probably caused by an improper operation of the nozzles or cracked protective T-shirts. The scale of observed fatigue cracks, however, is disproportionately smaller than the cracks that caused damages. • It is necessary to ensure that the correct heat treatment was performed during the welding process and after its completion.
In order to avoid future failures of this type of communication pipelines it is routinely recommended as a diagnostic test to do the following: -an inspection (especially fastening elements); -magnetic examinations of girth welds and bends of elbows; -ultrasonic testing of girth welds and elbows in order to determine a presence of cracks; -structural examinations of the weld material and the outer surface of the bends of elbows by the triafol replicas method; -measurement of the thickness of the walls' elbows and the measurement of their deformation (diameter).
In addition, because of the type of damage that led to the failure, it is also recommended to check the routing of pipelines, inspection and measurement of a reaction of fastenings, which are the following: -determine whether the route and the location of the pipeline are consistent with the documentation; -measuring a position of the pipeline in the cold and hot states (preferably geodesic); -calculation of the hysteresis of the pipeline's displacement (benchmarks required) -measurement of the fastenings response (dynamometrical) in the cold and hot states; -determine whether a condition and location of fasteners are in accordance with the documentation. -If, in the future, this type of the joint will be made, it is vital to examine the WPS carefully.
